The general and specific combining abilities among 20 cytoplasmic male sterile inbred lines and four testers were estimated in order to study the potential of these materials in a sunflower (Helianthus annuus L.) breeding program. Test cross progenies were evaluated in three environments. Plant height, days to 50% flowering, 1000-kernel weight, seed oil content and grain yield were evaluated. Seed oil content, plant height and 1000-kernel weight presented the largest proportional contribution of cms inbred lines and testers, indicating the predominant role of the additive component for these traits. On the other hand, line × tester interaction exhibited the greatest contribution to grain yield suggesting the presence of non-additive genetic effects. The testers showed capacity to discriminate within the set of inbred lines.
INTRODUCTION
Sunflower hybrids are cultivated at more than 18 million ha in the world. Hybrid cultivars, due to heterosis, show better performance than open pollinated populations and have led to an increase in crop productivity. Sunflower breeders have extensively used and exploited heterosis to improve seed and oil yields in sunflower. In a systematic breeding program it is essential to identify superior parents for hybridization and crosses to expand the variability reservoir for selection of superior genotypes (Ganappa et al., 1997) . Estimates of genetic variation and combining ability are useful to determinate the breeding value of genotypes in a breeding program. Specific combining ability (SCA) effects are important indicators of the value of inbred lines in hybrid combinations. The objectives of the present study were: i) to estimate the general and specific combining abilities of cytoplasmic male sterile inbred lines from different geographical selection sites and ii) to analyze the proportional contribution of inbred lines, testers and their interaction in the expression of traits of interest.
MATERIAL AND METHODS
Twenty cytoplasmic male sterile (cms) inbred lines of different geographic origins were crossed with four fertility restorer lines in a factorial design (Table 1) .
Test cross progenies were evaluated in three environments in Argentina: in Patricios (35º 26' S) with an early sowing date (10/15) and in Patricios and Pergamino (33º 56' S) with a late sowing date (11/20) during the summer 1999/2000. The experiment was conducted in a three-replicated, randomized complete block design. The plot size consisted of 2 rows 5 m long with a distance of 0.7 m between them. The following variables were evaluated: plant height (m), days to 50% flowering (days), 1000-kernel weight (g), seed oil content (%) and grain yield (kg/ha). Grain yield was determined for the whole plot and was corrected by humidity percent. Observations for plant height were recorded for five randomly selected plants from each entry. Seed oil content was determined by a nuclear magnetic resonance procedure in all replications. Data were subjected to a combined analysis of variance across environments using the GLM procedure of the SAS program (Statistical Analysis System, version 8.12-2001) . General combining ability (GCA), specific combining ability (SCA) and the proportional contributions of lines, testers and their interaction were estimated in accordance to Singh and Chaudhary (1977) .
RESULTS AND DISCUSSION
The combined analysis of variance across environments is presented in Table  2 . The variance due to general combining ability of cms inbred lines and testers and the variance due to specific combining ability were significant for all traits. The significance of the line × tester interaction suggests that testers were able to discriminate within this set of inbred lines. For the traits plant height, days to 50% flowering, 1000-kernel weight and seed oil content, the variances due to general combining ability were higher than the variances due to specific combining ability. This indicates the importance of this additive component in the determination of these traits. In agreement with previous results (Gangappa et al., 1997; Laureti and Del Gatto, 2001 ), non-additive genetic effects were predominant for grain yield. The interactions line × environment and tester × environment were significant for all traits, suggesting that lines and testers interacted in different ways across the environments. The interaction line × tester × environment was significant for all traits except for plant height.
Estimates of general and specific combining ability effects for plant height, days to flowering, 1000-kernel weight, seed oil content and grain yield are presented in Tables 3 and 4a -b, respectively. The cms inbred lines AGA 20412, AGC 6552, AGG 90067, AGH 35959, APSS 151, APSS 195 and KLM 295 showed significant positive GCA effects for plant height. Among the testers, the restorer line RU 9247 showed GCA effects in the desired direction, thus this inbred line could be used as a parent for reducing plant height. The combination KLM 295 × RPSS 531 showed the high- The highest negative effect for days to flowering was achieved by the tester RU 9247, while the testers RPSS 531, RG 32989 and RGC 26342 showed significant positive effects. Among the cms inbred lines, AG 33684 exhibited highest significant negative effects. Only 11 hybrid combination showed significant negative SCA effects for days to flowering. The testcross AGC 6552 × RU 9247 showed highest negative effects and was found to be the best specific combination for earliness.
The tester RG 32989 showed a high positive GCA effect for 1000-kernel weight. Significant positive GCA effects for grain yield were observed in the tester RG 32989 and in the lines AGA 20412, KLM 295, AG 33684, APSS 151, AGT 15400 and AGE 34741. These lines appeared to transmit additive genes for high grain yield to their progenies and hence could be used as parents in crossing for improved yield performance. The highest negative effect for grain yield was found in the line AU 92160.
The analysis of the SCA effects in the 80 evaluated F 1 hybrids showed that the highest positive value for grain yield was achieved by the combination APSS 195 × RGC 26342. Only six hybrids expressed significant positive SCA effects, while only five showed significant negative effects. The lines, testers and their interactions showed different proportional contributions to the expression of the studied traits (Table 5 ). The variance due to general combining ability was higher than the variance due to specific combining ability for plant height, days to flowering, 1000-kernel weight and seed oil content. These results suggest that genes affecting these traits have mainly additive effects. Conversely, the proportional contribution of line × tester interaction was greatest for grain yield, indicating the importance of non-additive effects involved in the control of this trait. These results are in agreement with those found by Marinković et al. (2000) , who reported values over 50% for the contribution of interaction line × tester to the testcrosses sum of squares. Also in agreement with the above mentioned authors, the cms lines made the largest contribution to the expression of seed oil content in the F 1 hybrids.
CONCLUSIONS
On average, the cms lines made the largest contribution to the expression of seed oil content, plant height and 1000-kernel weight in the F 1 hybrids. For days to flowering the contribution of the lines and testers was found to be of equal importance. The line × tester interaction was highly significant for grain yield, suggesting that the hybrids showed differences between SCA effects due to the presence of nonadditive genetic effect. This result and the importance of the proportional contribution of the line × tester interaction to testcrosses sum of squares suggest that testers can discriminate among the inbred lines.
ANÁLISIS DE APTITUD COMBINATORIA EN GIRASOL (Helianthus annuus L.) PARA CARACTERES AGRONÓMICOS

RESUMEN
La aptitud combinatoria general y específica entre 20 líneas endocriadas androestériles con 4 probadores fue estimada con el objeto de estudiar el potencial de estos materiales en un programa de mejoramiento de girasol (Helianthus annuus L). Los cruzamientos de prueba se evaluaron en tres ambientes. Las variables evaluadas fueron altura de la planta, días desde emergencia a floración, peso de mil semillas, contenido de aceite y rendimiento. Contenido de aceite, altura de planta y peso de mil semillas presentaron la mayor contribución proporcional de líneas y probadores lo cual indica la importancia de la componente aditiva para estos caracteres. Por otra parte para rendimiento la mayor contribución proporcional fue la de la interacción línea × probador sugiriendo la presencia de efectos no aditivos. Los probadores mostraron capacidad para discriminar entre el conjunto de líneas.
ANALYSE DE L'APTITUDE DE LA COMBINAISON EN TOURNESOL POUR CARACTÈRES AGRONOMIQUES
RÉSUMÉ L'aptitude de la combinaison générale et spécifique entre vingt lignées homozigotes androstériles avec quatre essayeurs a été estimée avec l' objet d' étudier le potential de ces matériaux dans un programme d' amélioration de tournesol (Helianthus annuus L.). Le croisements d'épreuve ont été, évalués dans trois environments différents. Les caractères évaluées ont eté: la taille de la plante, les jours dès l´émersion à la floreison, le poids de mille graines, le contenu de l'huile et le rendement. Le contenu de l´huile, la taille de la plante et le poids de mille grains ont présenté la plus grande contribution proportionnelle de lignées et d'essayeurs, ce qui indique l'importance de la composante additive pour ces caractères. D'autre part pour le rendement la plus grande contribution proportionnelle a été celle de l'interaction lignée × essayeur qui suggérait la présence des effets pas additifs. Les essayeurs ont montré la capacité pour discriminer entre l'ensemble de lignées.
